1. Introduction {#sec1-pharmacy-08-00030}
===============

Atrial fibrillation (AF) is the most common abnormal and irregular cardiac rhythm, characterized by chaotically created electrical signals in the atria leading to loss of atrial kick and rapid, irregular ventricular contraction \[[@B1-pharmacy-08-00030]\]. AF is a known risk factor for stroke, increasing the risk of stroke and thromboembolism six-fold throughout all age groups \[[@B1-pharmacy-08-00030]\]. From 2012 to 2013, the direct and indirect cost of stroke was estimated to be \$33.9 billion \[[@B2-pharmacy-08-00030]\]. Total direct medical stroke-related costs are projected to nearly triple from \$71.6 billion to \$184.1 billion by 2030 \[[@B3-pharmacy-08-00030]\]. AF related strokes are likely to be more severe due to the longer distance the clot needs to travel to the brain than the distance from the carotid arteries. Consequently, AF-related stroke is associated with more disability and increased mortality rate \[[@B1-pharmacy-08-00030]\]. Anticoagulation therapy is crucial for stroke prophylaxis in the management of patients with AF. A measure called CHA~2~DS~2~-VASc score can help stratify risk of stroke and determine whether anticoagulants are indicated in these patients \[[@B4-pharmacy-08-00030]\]. Compounded upon this increased risk, patients with concurrent chronic kidney disease (CKD) are at a higher risk for developing a thromboembolism or stroke \[[@B3-pharmacy-08-00030],[@B5-pharmacy-08-00030]\]. As such, according to the 2019 American Heart Association/American College of Cardiology/Heart Rhythm Society (AHA/ACC/HRS) Guideline for the Management of Patients with Atrial Fibrillation, oral antithrombotic therapy is recommended for patients with nonvalvular AF and a CHA~2~DS~2~-VASc score of ≥1 in males and ≥2 in females \[[@B6-pharmacy-08-00030]\].

Warfarin was the mainstay of anticoagulant therapy for thromboembolism and stroke risk reduction before the development of direct oral anticoagulants (DOACs). Compare to warfarin, DOACs have a predictable anticoagulant profile, less drug--food interactions, and less frequent monitoring requirements \[[@B7-pharmacy-08-00030],[@B8-pharmacy-08-00030],[@B9-pharmacy-08-00030],[@B10-pharmacy-08-00030]\]. DOACs gained popularity since they showed an equivalent or better in stroke reduction with less bleeding events compared to warfarin \[[@B7-pharmacy-08-00030],[@B8-pharmacy-08-00030],[@B9-pharmacy-08-00030],[@B10-pharmacy-08-00030]\]. However, DOACs require renal dose adjustment when warfarin does not \[[@B11-pharmacy-08-00030],[@B12-pharmacy-08-00030],[@B13-pharmacy-08-00030],[@B14-pharmacy-08-00030],[@B15-pharmacy-08-00030]\]. According to the 2019 AHA/ACC/HRS Focused Update, reduced doses of dabigatran, rivaroxaban, apixaban and edoxaban are viable options in patients with moderate to severe CKD \[[@B16-pharmacy-08-00030]\]. In end-stage renal disease (ESRD) patients with AF, the direct thrombin inhibitor (dabigatran) and factor Xa inhibitors (rivaroxaban or edoxaban) are not recommended due to lack of evidence suggesting that the risk outweighs the benefit \[[@B17-pharmacy-08-00030],[@B18-pharmacy-08-00030],[@B19-pharmacy-08-00030]\]. The guideline still does not recommend using rivaroxaban even though it is approved to be used in ESRD patients \[[@B14-pharmacy-08-00030],[@B17-pharmacy-08-00030],[@B18-pharmacy-08-00030],[@B19-pharmacy-08-00030]\]. Warfarin or apixaban are the preferred antithrombotic therapy in ESRD patients receiving hemodialysis (Class IIa, level B) \[[@B7-pharmacy-08-00030]\]. Even though sub-analyses of major trials have shown that DOACs are safer than warfarin, patients with a creatinine clearance (CrCl) of \<25 or \<30 mL/min were excluded \[[@B8-pharmacy-08-00030],[@B9-pharmacy-08-00030],[@B11-pharmacy-08-00030]\]. Clinicians are hesitant to use DOACs in ESRD patients (including patients receiving hemodialysis) due to scarcity of safety and efficacy data in this population \[[@B11-pharmacy-08-00030],[@B20-pharmacy-08-00030]\]. There is insufficient evidence to provide support for that level of renal function. The purpose of this retrospective chart review is to evaluate bleeding and thromboembolic outcomes in patients (including CKD patients) with AF who managed with DOACs. We hypothesize that there will be more bleeding events in patients with moderate to severe renal impairment compared to patients with normal renal function with DOAC therapy.

2. Materials and Methods {#sec2-pharmacy-08-00030}
========================

2.1. Participants {#sec2dot1-pharmacy-08-00030}
-----------------

This study is a retrospective chart review from 1 October 2010 to 1 August 2017 at the International Heart Institute at Loma Linda University Medical Center. Inclusion criteria was patients ≥18 years-old with a diagnosis of AF and treated with a DOAC (1. apixaban, 2. dabigatran, 3. rivaroxaban, and 4. edoxaban) for three months or longer. Renal function was determined by most recent lab report of serum creatinine (SCr) and calculated CrCl based on patient's actual body weight (weight was adjusted for obese patients) with the Cockcroft--Gault equation. A total of 495 patients were included in the study, and 150 patients had calculated CrCl of \<60 mL/min.

2.2. Data Collection {#sec2dot2-pharmacy-08-00030}
--------------------

Patient demographic data, anticoagulant dose, comorbidities to calculate CHA~2~DS~2~-VASc score and HAS-BLED score, stroke events and bleeding events were collected from each patient's electronic medical record (EMR). Our team assessed each patient's anticoagulant dosage for the appropriateness. If a patient visited another hospital for related events, the information was still captured because they were included in our physician's note. HAS-BLED score and CHA~2~DS~2~-VASc score were calculated based on the patient's EMR. The predicted risk of stroke or systemic thromboembolism for all patients was assessed using the CHA~2~DS~2~-VASc scoring system (range of 0 to 9). The higher the score, the greater risk of developing stroke or systemic thromboembolism \[[@B21-pharmacy-08-00030]\]. The predicted 1-year risk of major bleeding was assessed using the HAS-BLED scoring system (range of 0 to 9). The higher the score, the greater risk of major bleeding in AF patients who are on anticoagulation therapy \[[@B22-pharmacy-08-00030]\].

2.3. Outcome {#sec2dot3-pharmacy-08-00030}
------------

The objective of the primary outcome was to evaluate the safety of DOACs in patients with normal renal function compared to patients with varying stages of renal impairment. Patients were classified based on Kidney Disease Improving Global Outcomes criteria \[[@B23-pharmacy-08-00030]\]: normal or mildly decreased renal function \[estimated glomerular filtration rate (eGFR) ≥ 60 mL/min/1.73 m^2^\], CKD stage 3 (eGFR = 30--59.9 mL/min/1.73 m^2^), CKD stage 4 (eGFR = 15--29.9 mL/min/1.73 m^2^), CKD stage 5 (eGFR \< 15 mL/min/1.73 m^2^). Since renal dose adjustments for DOACs are recommended in patients with eGFR ≤ 50 mL/min/1.73 m^2^, patients with mildly decreased renal function (eGFR = 60--89 mL/min/1.73 m^2^) were categorized into "normal" renal function in our study. Stage 3a (45--59 mL/min/1.73 m^2^) and stage 3b (30--44 mL/min/1.73 m^2^) were merged as stage 3 in this study. A bleeding event was defined as a bleed that required discontinuation of the anticoagulant or required hospitalization. The secondary outcome was to report upon efficacy by comparing thromboembolic events in patients with normal renal function versus patients with impaired renal function. A thromboembolic event was defined as a stroke or venous thromboembolism (VTE).

2.4. Data Analysis {#sec2dot4-pharmacy-08-00030}
------------------

Apixaban was chosen to be our control group because it is recommended by 2019 AHA/ACC/HRS Guideline for patients even with severe renal impairment. Descriptive statistics for quantitative variables were presented using the mean with standard deviation if the values were normally distributed; median and range values were used when there were extreme outliers. Categorical variables were presented with number and percentage. Chi-square analysis was performed to report on the bleeding events and thromboembolic events amongst the CKD groups regardless of which DOAC the patient was taking. The comparison of quantitative variables between the CKD groups were performed using ANOVA when assumptions of parametric tests were met. The Kruskal--Wallis test was used to compare the medians when extreme outliers were present. Chi-square tests were also used to assess the association of the categorical variables between the CKD groups. Fischer's exact tests were used when assumptions of Chi-square were not met. Binary logistic regression was used to assess the association of anticoagulants with bleeding events adjusted for HAS-BLED scores and thromboembolic events adjusted for CHA~2~DS~2~-Vasc scores. Significance was set at an alpha of 0.05, and statistical analysis was performed using SPSS Statistics software (version 25.0, IBM Corp. (Armonk, NY, USA)).

3. Results {#sec3-pharmacy-08-00030}
==========

[Table 1](#pharmacy-08-00030-t001){ref-type="table"} shows baseline demographic data of patients who were included in the study (n = 495). Patients with CKD stage 4 (n = 25) had the highest mean age of 83 ± 9 years-old and the youngest group was non-CKD patients (n = 345) mean age of 66 ± 12 years-old (p \< 0.001). There were more male patients (67%) in the non-CKD patient group; more than half (\>50%) were female in other groups: 54% in CKD stage 3, 60% in CKD stage 4 and 100% in CKD stage 5 (p \< 0.001). Both bleeding (35.3%, p ≤ 0.001) and stroke events (16%, p = 0.007) were most frequent in CKD stage 3 group (n = 119) compared to other groups. This is an interesting finding because CKD stage 3 group had the lowest median HAS-BLED score of 2 (range 0 to 6, p \< 0.001). Apixaban was most commonly used in all groups (p \> 0.1).

For apixaban safety profile, 27 (17%) patients with normal kidney function, 21 (33%) patients with CKD stage 3, 6 (35%) patients with CKD stage 4 and 1 (50%) patient with ESRD had bleeding events (p = 0.017). For rivaroxaban safety profile, 20 (13%) patients with normal kidney function, 14 (33%) CKD stage 3 patients, and 1 (14%) CKD stage 4 patient showed significant differences between non-CKD and CKD stage 3 and 4 patients (p = 0.012). For dabigatran, 3 (10%) non-CKD patients and 6 (50%) CKD stage 3 patients showed significant differences in bleeding events (p = 0.013). For apixaban efficacy profile, 15 (9%) patients with normal kidney function, 9 (14%) CKD stage 3 patients, 1 (6%) CKD stage 4 patient and 2 (50%) CKD stage 5 patients developed thromboembolic events (p = 0.084). For rivaroxaban, 16 (10%) patients with normal kidney function, 5 (12%) CKD stage 3 patients, 2 (29%) CKD stage 4 patients and 1 (50%) ESRD patient (p = 0.115) reported thromboembolic events. Four (33%) patients who were taking dabigatran experienced thromboembolic events, while none of the patients (n = 1) with edoxaban had any thromboembolic events.

Thromboembolic events occurred: 15% in non-CKD group, 35% in CKD stage 3 group, 28% in CKD stage 4 group, and 17% in CKD stage 5 group. Bleeding events occurred: 9% in non-CKD, 16% in CKD stage 3, 12% in CKD stage 4, and 50% in CKD stage 5. ([Figure 1](#pharmacy-08-00030-f001){ref-type="fig"}) When apixaban was compared to other DOACs in non-CKD patients and CKD patients (stage 3--5), there was no statistical difference in terms or bleeding events ([Table 2](#pharmacy-08-00030-t002){ref-type="table"}). [Table 3](#pharmacy-08-00030-t003){ref-type="table"} shows that when apixaban was compared to dabigatran in patients with CKD (stage 3--5), adjusted odds ratio of stroke was 6.58 (95% C.I. 1.32--32.02, p = 0.02).

4. Discussion {#sec4-pharmacy-08-00030}
=============

To our knowledge, this is the first retrospective study that evaluated the safety and efficacy of DOACs (no warfarin) in AF patients with or without CKD. Safety and efficacy comparing warfarin as a control versus DOACs have been demonstrated in multiple clinical trials. Since the 2019 AHA/ACC/HRS focused update guideline for the management of patients with AF recommends apixaban as a preferred agent even in ESRD patients, therefore we have chosen apixaban as our control group \[[@B17-pharmacy-08-00030]\]. [Table 4](#pharmacy-08-00030-t004){ref-type="table"} shows commonly used DOACs' renal clearance, metabolism, dialyzability and renal dose adjustment recommendations. If the drug is mainly cleared by kidneys, clinicians should expect to lower the anticoagulant doses in patients with kidney diseases. Safety and efficacy data in comparison with DOACs to warfarin is also summarized in [Table 4](#pharmacy-08-00030-t004){ref-type="table"}.

In our study (n = 495), DOACs did not increase the risk of bleeding events. However, there was a significant increase in thromboembolic events in CKD patients with dabigatran compared to CKD patients with apixaban. The CHA~2~DS~2~-VASc score was higher as CKD is advanced (p \< 0.001). This difference may be explained because leading causes of CKD are diabetes and hypertension which contribute to the CHA~2~DS~2~-VASc scoring system. HAS-BLED scores were higher in the CKD groups compared to non-CKD group (p \< 0.001). This is likely because having a renal disease is one of the criteria for a higher HAS-BLED score.

As CKD is a common comorbidity of patients with AF, there are more studies being performed and published investigating the safety of DOACs in patients with CKD \[[@B8-pharmacy-08-00030],[@B10-pharmacy-08-00030],[@B19-pharmacy-08-00030],[@B24-pharmacy-08-00030]\]. The landmark trials, such as RE-LY, ARISTOTLE, ROCKET and ENGAGE, had subgroup analyses showing that DOACs are safe in patients with mild CKD ([Table 4](#pharmacy-08-00030-t004){ref-type="table"}). Since the Cockcroft--Gault equation may overestimate patients' renal function as CKD advances \[[@B25-pharmacy-08-00030]\], RE-LY and ARISTOTLE analyzed their data using the CKD-EPI formula \[[@B26-pharmacy-08-00030]\]. Similar results were shown in the RE-LY study \[[@B19-pharmacy-08-00030]\], but the ARISTOTLE study showed apixaban had a favorable outcome with stroke prevention and major bleeding (p \< 0.05) \[[@B27-pharmacy-08-00030]\]. A study by Sarratt et al. looked at patients on dialysis requiring anticoagulation for AF \[[@B28-pharmacy-08-00030]\]. A total of 120 patients were on warfarin and 60 patients were on apixaban. This study concluded that there was no statistically significant difference in thromboembolic events or bleeding events between the two group, indicating similar efficacy and safety profiles compared to warfarin. Siontis et al. recently published a retrospective cohort study (n = 25,523) to compare safety and efficacy of apixaban versus warfarin in ESRD patients with AF \[[@B29-pharmacy-08-00030]\]. There was no difference in stroke or systemic embolism risks of between apixaban and warfarin, but apixaban had significantly lower risks of major bleedings.

Limitations of this study include the inherent selection bias in a retrospective chart review. The sample sizes were also unbalanced; only 150 (30%) patients had renal impairments and only 6 patients were ESRD patients. Thus, it is difficult to conclude any clinical implications in the ESRD group. Aforementioned, this study evaluates the safety and efficacy of DOACs (no warfarin) in AF patients with or without CKD. Thus, it is difficult to discuss and compare published outcome data with our results.

5. Conclusions {#sec5-pharmacy-08-00030}
==============

Based on this retrospective study, patients with CKD on a DOAC do not have significantly higher incidence of bleeding compared to patients with normal kidney function. However, their thromboembolic event significantly increases when patients are on dabigatran versus apixaban in patients with CKD (stage 3--5). Future randomized controlled trials comparing different types of DOAC (no warfarin) in patients with CKD are warranted.

We thank Carina Deck and Melissa Gage for their contribution to this project.

Conceptualization, H.T.; methodology, H.T.; formal analysis, K.B.; investigation, H.T.; writing---original draft preparation, H.T., S.M.J.; writing---review and editing, S.M.J., H.T., K.B.; visualization, S.M.J.; supervision, H.T. All authors have read and agreed to the published version of the manuscript.

This research received no external funding.

The authors declare no conflict of interest.
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pharmacy-08-00030-t001_Table 1

###### 

Baseline Characteristics by levels of chronic kidney disease (CKD).

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                   Non-CKD\         CKD Stage 3 (30--59.9 mL/min)\   CKD Stage 4 (15--29.9 mL/min)\   CKD Stage 5 (\<15 mL/min)\   p-Value
                                                   (≥ 60 mL/min)\   n = 119                          n = 25                           n = 6                        
                                                   n = 345                                                                                                         
  ------------------------------------------------ ---------------- -------------------------------- -------------------------------- ---------------------------- ------------
  Age, mean (SD)                                   65.7 (12.4)      79.4 (9.3)                       82.7 (9.2)                       66.5 (16)                    \<0.001 \*

  Males, n (%)                                     231 (67)         55 (46.2)                        10 (40)                          \-                           \<0.001 \*

  Bleeding event, n (%)                            50 (14.5)        42 (35.3)                        7 (28)                           1 (16.7)                     \<0.001 \*

  Stroke event, n (%)                              31 (9)           19 (16)                          3 (12)                           3 (5)                        0.007 \*

  Antithrombotic medication                                                                                                                                        

   Apixaban, n (%)                                 161 (46.7)       63 (52.9)                        17 (68)                          4 (66.7)                     0.839

   Rivaroxaban, n (%)                              152 (44.1)       43 (36)                          7 (28)                           2 (33.3)                     0.148

   Dabigatran, n (%)                               31 (9)           12 (10.1)                        1 (4)                            \-                           0.121

   Edoxaban, n (%)                                 1 (0.3)          \-                               \-                               \-                           \>0.999

  CHA~2~DS~2~-VASc score, mean (SD)                3.2 (1.7)        4.6 (1.3)                        5.4 (1.5)                        5.3 (2.5)                    \<0.001 \*

  HAS-BLED score, median (range)                   2 (0--9)         2 (0--6)                         3 (1--4)                         3 (2--5)                     \<0.001 \*

  Duration of DOAC use in months, median (range)   13 (1--73)       32 (3--65)                       30 (2--60)                       23.5 (3--36)                 \<0.001 \*

  History of anticoagulant use, n (%)              102 (29.6)       49 (41.2)                        12 (48)                          5 (83.3)                     0.003 \*

  Concurrent antiplatelet use, n (%)               91 (26.4)        40 (33.6)                        6 (24)                           5 (83.3)                     0.015 \*
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\* indicates significance at an alpha of 0.05.

pharmacy-08-00030-t002_Table 2

###### 

Binary logistic regression on the effect of anticoagulants on bleeding events.

  ----------------------------------------------------------------------------------------------------------
  Renal Function                    Anticoagulants             p-Value   Odds Ratio   95% C.I. for\   
                                                                                      Odds Ratio      
  --------------------------------- -------------------------- --------- ------------ --------------- ------
  Normal kidney function            Rivaroxaban vs. Apixaban   0.464     0.79         0.42            1.49

  Dabigatran vs. Apixaban           0.413                      0.59      0.17         2.09            

  Chronic kidney disease patients   Rivaroxaban vs. Apixaban   0.842     0.93         0.44            1.97

  Dabigatran vs. Apixaban           0.346                      1.77      0.54         5.81            
  ----------------------------------------------------------------------------------------------------------

pharmacy-08-00030-t003_Table 3

###### 

Binary logistic regression on the effect of anticoagulants on stroke events.

  ----------------------------------------------------------------------------------------------------------
  Renal Function                    Anticoagulants             p-Value   Odds Ratio   95% C.I. for\   
                                                                                      Odds Ratio      
  --------------------------------- -------------------------- --------- ------------ --------------- ------
  Normal kidney function            Rivaroxaban vs. Apixaban   0.245     1.63         0.72            3.69

  Dabigatran vs. Apixaban           0.998                      0.00      0.00         \-              

  Chronic kidney disease patients   Rivaroxaban vs. Apixaban   0.961     0.97         0.30            3.18

  Dabigatran vs. Apixaban           0.020\*                    6.58      1.35         32.02           
  ----------------------------------------------------------------------------------------------------------

pharmacy-08-00030-t004_Table 4

###### 

Summary of renal impairment dose adjustment recommendations and primary literature for commonly used direct oral anticoagulants for atrial fibrillation \[[@B30-pharmacy-08-00030],[@B31-pharmacy-08-00030],[@B32-pharmacy-08-00030],[@B33-pharmacy-08-00030],[@B34-pharmacy-08-00030]\].

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  DOAC          Renal CL   Hepatic Metabolism          Dialy.   Renal Impairment Dose Adjust. (mL/min)   S/SE (Compared to Warfarin)                                       Major Bleeding (Compared to Warfarin)
  ------------- ---------- --------------------------- -------- ---------------------------------------- ----------------------------------------------------------------- -----------------------------------------------------------------
  Dabigatran    80%        Metabolized by esterases    Yes      \>30: 150 mg BID\                        Reduced adjusted HR in CKD patients = 0.74\                       Adjusted HR in CKD patients =\
                                                                15--30: 75 mg BID\                       (95% CI 0.57 to 0.96) \[[@B35-pharmacy-08-00030]\]\               1.52 (95% CI 1.27 to 1.81) \[[@B35-pharmacy-08-00030]\]\
                                                                \<15: Contraindicated                    \                                                                 \
                                                                                                         Dabigatran 150 mg BID\                                            Dabigatran 150 mg BID\
                                                                                                         Overall RR \[[@B7-pharmacy-08-00030]\] = 0.66\                    Overall RR \[[@B7-pharmacy-08-00030]\] = 0.93\
                                                                                                         (95% CI 0.53--0.82)\                                              (95% CI 0.81--1.07)\
                                                                                                         CrCl 30--49 mL/min = 0.85\                                        CrCl 30--49 mL/min = 1.01\
                                                                                                         (95% CI 0.59--1.24)                                               (95% CI 0.79--1.3)

  Apixaban      25%        Mainly CYP3A4               Small    \>30: 5 mg BID^\^^\                      Overall \[[@B9-pharmacy-08-00030]\] = 0.79 (95% CI 0.66--0.95)\   Overall \[[@B9-pharmacy-08-00030]\] = 0.69 (95% CI 0.60--0.80)\
                                                                \<30: 2.5 mg BID^+^\                     CrCl 25--49 mL/min = 0.79\                                        CrCl 25--49 mL/min = 0.50\
                                                                HD: 5 mg BID                             (95% CI 0.55--1.14)                                               (95% CI 0.38--0.66)

  Rivaroxaban   30%        Minimal                     No       \>50: 20 mg QD\                          Overall HR \[[@B8-pharmacy-08-00030]\] =\                         Overall \[[@B8-pharmacy-08-00030]\] =\
                                                                15--50: 15 mg QD\                        0.79 (95% CI 0.66--0.96)\                                         1.04 (95% CI 0.90--1.20)\
                                                                \<15: Contraindicated                    CrCl 30--49 mL/min = 0.84\                                        CrCl 30--49 mL/min = 0.95\
                                                                                                         (95% CI 0.75--1.23)                                               (95% CI 0.72--1.26)

  Edoxaban      50%        10% by carboxy-esterase 1   No       \>95: FDA warning\                       High-dose edoxaban\                                               High-dose edoxaban\
                                                                95--50: 60 mg QD^\#^\                    Overall RR \[[@B10-pharmacy-08-00030]\] = 0.79\                   Overall RR \[[@B10-pharmacy-08-00030]\] = 0.80\
                                                                15--49: 30 mg QD\                        (95% CI 0.63--0.99\                                               (95% CI 0.71--0.91)\
                                                                \<15: Contraindicated                    CrCl 30--49 mL/min = 0.87\                                        CrCl 30--49 mL/min = 0.76\
                                                                                                         (95% CI 0.72--1.04)\                                              (95% CI 0.58--0.98)\
                                                                                                         \                                                                 \
                                                                                                         Low-dose edoxaban\                                                Low-dose edoxaban\
                                                                                                         Overall RR \[[@B10-pharmacy-08-00030]\] = 1.07\                   Overall RR \[[@B10-pharmacy-08-00030]\] = 0.47\
                                                                                                         (95% CI 0.87--1.31)\                                              (95% CI 0.41--0.55)\
                                                                                                         CrCl 30--49 mL/min = 1.22\                                        CrCl 30--49 mL/min = 0.37\
                                                                                                         (not reported)                                                    (not reported)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Adjust: adjustment; BID: twice daily; CL: clearance; CrCl: creatinine clearance; CYP3A4: cytochrome P450 type 3A4; Dialy: dialyzability; DOAC: direct oral anticoagulants; FDA: United States Food and Drug Administration; HR: hazard ratio; RR: relative risk; S/SE: stroke or systemic embolism; QD: once daily; ^\^^ Apixaban is recommended to be dosed 2.5 mg twice daily if any ≥2 of the following criteria are met: body weight ≤60 kg, age ≥80 years-old, and serum creatinine ≥1.5 mg/dL. ^+^ Apixaban should be avoided in CrCl \<25 mL/min due to lack of efficacy and safety evidence. ^\#^ Edoxaban is recommended to be dosed 30 mg once daily when ≥2 of the following criteria are met: body weight ≤ 60 kg, creatinine clearance 30--50 mL/min and concomitant therapy with verapamil, dronedarone or quinidine.
